We reinvestigated the microwave spectrum of cyclopropylbromide with the increased resolution of pulsed microwave Fourier transform spectroscopy. Because of the higher frequency precision, it was possible to determine the spin-rotation coupling constants of bromine. Global fits of rotational constants, quartic centrifugal distortion constants, quadrupole coupling constants including the off-diagonal component x ac > spin-rotation coupling constants simultaneously to almost one hundred hyperfine components for each of the two bromine isotopomers resulted in overall standard deviations of well below 5 kHz.
Introduction
The microwave spectrum of cyclopropyl bromide was first assigned by Lam and Dailey [1] , who could only detect the a-type spectrum. Recently, the c-type spectrum was assigned by Li et al. [2] who in addition reported a fairly precise value for the off-diagonal quadrupole coupling constant x ac -Unaware of this latter work, we started our investigations on this molecule mainly in order to assign the low-J a-type spectrum, which is complicated by overlapping isotopic and hyperfine patterns.
Experimental
We used our waveguide microwave Fourier transform (MWFT) spectrometers in the frequency range 4 to 18 GHz described elsewhere [3] [4] [5] . Two out of different set-ups were equipped with double-resonance facilities. The sample was provided by Aldrich Chemie, Steinheim, FRG, and used without further purification.
The first measurements were done on the J = 3-2 a-type transitions, since they were calculated from the parameters in [1] to give only mildly overlapping hyperfine patterns of the 79 Br and 81 Br isotopomers.
However, extra transitions due to molecules in high rotational and possibly in excited vibrational states made assignment sometimes difficult. (It should be noted, that MWFT spectroscopy does not normally allow the application of a Stark field.) We next studied the J = 2-l transitions using RF-MW double resonance [4] , An X-band Stark-cell was used with a specially designed septum, via which radiofrequencies of about 100 MHz were applied to the sample in addition to the microwave field. After having assigned most of the hyperfine components of the J = 2-1 transitions, knowledge of the work of Li et al. allowed us, by using their A rotational constant (which had not been determined satisfactorily before), to record also a number of c Q-braneh transitions; and in the following also several higher-K c P-branch and c R-branch transitions. The experimentally determined frequencies are compiled in Table 1 .
Analysis
Following the suggestion of Gerry et al. [6] the analysis of the spectrum was performed by a global fit of all the relevant spectroscopic parameters (i.e., rotational, centrifugal distortion, and quadrupole coupling constants) simultaneously to the accumulated experimental data. Doing so, we noticed that the remaining deviations between observed and calculated frequencies showed a systematic behaviour. Since the model used in the fitting procedure was relatively elaborate in setting up the complete Hamiltonian and finding its eigenvalues by numerical diagonalisation, 0932-0784 / 92 / 0300-523 $ 01.30/0. -Please order a reprint rather than making your own copy. we supposed the inconsistencies might be due to the effect of magnetic coupling of the bromine spin to the overall rotation. On including the appropriate matrix elements (though only to a first order approximation) [7] , we found a considerable decrease in the standard deviation of the fit, with almost no systematic trends left in the actual observed-minus-calculated frequencies. Thus we are confident that indeed, the spin-rotation coupling constants (or rather the diagonal components of the spin-rotation coupling tensor) could be determined from the spectrum. It is noteworthy that, associated with the inclusion of these constants in the fit, there occurred a minor but noticeable variation in the off-diagonal quadrupole coupling constant x acThe determined spectroscopic parameters are listed in Table 2 .
Discussion
The values of the spectroscopic parameters as determined in this work are in most cases more precise than those of [2] . This holds particularly for the constants
and Xaa• The reason for this is the inclusion of c P-/ c R-branch transitions, and of the J,K a = 3, 2-2, 2 transitions in our analysis. On the other hand, the constants Dj are less precisely determined than in [2] , because the data in [2] consist almost entirely of a large number of a R-branch transitions. In contrast, our data contain only the lowest-J a R-branch lines (up to J = 3), plus a comparatively small number of c P-/ c R-braneh transitions. Table 3 . Comparison of principal quadrupole coupling constants and the angle between the axis systems as determined in this work with those of Li et al. [2] . z, x = axes in the symmetry plane, y = axis perpendicular to symmetry plane, 9 = angle between z-axis ana a-axis. Table 4 . Comparison of bromine spin-rotation coupling constants of alkyl bromides. Note that the signs of the constants depend on the sign convention used, which is different in [9] .
* Sign convention according to [13] used. ** Sign convention according to [14] used.
Because the precision of the frequency determination is much improved with microwave Fourier Transform spectroscopy, it was possible to include the spin-rotation coupling constants of bromine in the fit. Obviously (see Table 2 ), the constants C aa are not as well determined as the other two diagonal components of the coupling tensor, but nevertheless satisfactorily. (The magnetic moment of the nucleus 79 Br is slightly smaller than that of 81 Br, in contrast to the quadrupole moments. Although the spin-rotation coupling constants also depend inversely on the respective moments of inertia, the isotopic variation is clearly noticeable, however hardly beyond the uncertainty of the constants.) Table 4 shows a comparison of the spin-rotation coupling constants of cyclopropylbromide with those of other alkyl bromides.
A discussion of the quadrupole coupling constants has already been given in [2] and shall not be reproduced here. Table 3 gives a comparison of the principal coupling constants, and of the derived angle between the axes systems, with those of [2] . Again, the significantly improved precision of the parameters should be noted.
